ABSTRACT
INTRODUCTION
Zeolite beta (BEA) was synthesized for the first time by Wadlinger et al. [1] in 1967. It is potentially acid catalysts in the various organic reactions such as alkylation, acylation, epoxidation, and other hydrocarbon reactions. In the acylation of aromatic compounds, zeolite beta showed high activity compare to zeolite Y and ZSM-5 [2] . It is because zeolite beta has threedimensional twelve-membered ring channels and high strength of acidic sites.
Various types of commercial silica have been used as source of silica in the synthesis of zeolite beta, such as colloidal silica, tetraethylorthosilicate, amorphous aluminosilicate, aerogel, silica gel, and amorphous silica from rice husk ash [1, [3] [4] [5] [6] [7] [8] . Recently, we have successfully synthesized zeolite beta directly from rice husk ash-containing crystalline silica [9] . In this present paper, we report a study on influence of initial reaction mixture in the formation of zeolite beta.
EXPERIMENTAL SECTION

Synthesis of zeolite beta
The reaction mixture was prepared at room temperature with the appropriate amount of reagents. A certain amount of the rice husk ash (94 wt% SiO 2 ) was added to the aqueous solution of sodium hydroxide (Merck) in the Teflon beaker (mixture A). Sodium aluminate (54% Al 2 O 3 : 41% Na 2 O, wt%, technical grade) was dissolved in the Tetraethyl ammonium hydroxide, TEAOH solution (40% TEAOH in water, supplied by Fluka chimika), which was previously diluted with a small amount of water (solution B). Solution B was added slowly to the mixture A with vigorous stirring and homogenized for at least 2 h. The mixture obtained was transferred to a stainless steel autoclave, and heated at 150 o C under autogeneous pressure for 6 d. After hydrothermal crystallization, the solid was separated from the mixture by filtering and washing by distilled water until neutral. Finally, the solid was dried at 110°C overnight. To study the influences of the composition of reaction mixture, synthesis of zeolite beta has been carried out in various ratios of reactants (Table 1) .
Characterization
All synthetic products were characterized by powder X-ray diffraction (XRD) for the crystallinity and purity of the solid materials using a Siemens 5000 difractometer with the Cu K radiation as the diffracted monochromatic beam. The pattern was scanned in the 2 range between 5 o to 45 o . The intensity of peaks at 2 22.5°was taken as a measure of the zeolite beta crystallinity. The solid phases and crystallinity of zeolite beta were tabulated in Table 1 . Based on XRD results, generally, pure zeolite beta may be prepared by using certain initial reaction mixture, i.e. at SiO 2 /Al 2 O 3 mol ratio = 15 -45. The XRD data show that crystallinity of pure zeolite beta (sample Si-15, Si-20, Si-27 and Si-45B) increase as increasing of SiO 2 /Al 2 O 3 ratio, from 73.7% for sample Si-15 to 91.8% for sample Si-45B. Meanwhile, for sample with higher SiO 2 /Al 2 O 3 ratio (Si-90B, Si-100B and Si-120B), the zeolite beta crystallinity decrease up to 28.6% (sample Si-120B). These finding show that the number of mole silica in the reaction mixture effect in the growing process of the zeolite beta crystal.
RESULT AND DISCUSSION
Influence of Silica
At low silica content (SiO 2 /Al 2 O 3 = 10), the products are zeolite beta, analcime, Na-P and mordenite with low crystallinity. The other three types of zeolites usually are formed in the synthesis of zeolite at low SiO 2 /Al 2 O 3 ratio and high alkalinity of reaction mixture [11] . The formation of that zeolites in the preparation of zeolite beta has been reported [3, 12, 13] . These show that pure zeolite beta cannot be prepared at SiO 2 /Al 2 O 3 ratio of 10.
Pure zeolite beta with SiO 2 /Al 2 O 3 ratio = 15 -27 can be prepared by using low amount of Na 2 O, TEA 2 O and H 2 O in the reaction mixtures. When these mixtures are used for synthesis of zeolite beta with higher SiO 2 /Al 2 O 3 ratio (only addition of silica), such as sample Si-45 and Si-90, the solid product is zeolite beta but an amount of rice husk ash was not reacted. However, there is no evident of another zeolite phase show that pure zeolite beta can be prepared at high content of silica. Crystallinity of zeolite beta phase in the sample Si-45 is higher than that of sample Si-90, while crystallinity of tridymite and -crystobalite in the sample Si-45 is lower than that in sample Si-90. This indicates that as the silica content increases, the amount of tridymite and -crystobalite reacted decrease, therefore, zeolite beta resulted also decreases. It is due to the alkalinity of the reactant mixture that is not enough to dissolve the silica added. This statement was supported by the data of sample Si-45B. At this mixture, all of rice husk ash was reacted to form zeolite beta. Meanwhile, at SiO 2 /Al 2 O 3 ratio = 90 (sample Si-90B), the main product was zeolite beta with high crystallinity, although not all of rice husk ash reacted. For sample Si-100B, the products were zeolite beta and high crystallinity of nonreacted rice husk ash. As increasing of silica content, the crystallinity of zeolite beta formed further decreased, inversely the crystallinity of rice husk ash increased, in which the peak intensity of tridymite was lower than -crystobalite. These show that the mole of Na 2 O, TEA 2 O and H 2 O affected the dissolution of silica rice husk ash, consequently, also the formation of 
zeolite beta. In addition, it could be concluded that tridymite dissolved easier than -crystobalite in the reactant mixture of synthesis of zeolite beta. Fig. 2 shows XRD patterns for solids prepared with various H 2 O/Al 2 O 3 ratios. The pure zeolite beta can be prepared by using reaction mixture of sample H-240 and H-330. By decreasing H 2 O content (sample H-150), nonreacted rice husk ash was still present with high crystallinity, although zeolite beta also could be formed in this reaction mixture. In addition, a trace of mordenite also appears in the solid. The formation of mordenite during synthesis of zeolite beta with H 2 O/Al 2 O 3 ratio about 200 has been reported [11, 12] . It is due to the low amount of H 2 O (high ratio of solid to liquid phase) that suppress of the monomer combination process in the nucleation of zeolite beta. As increasing of the water amount, the solid product are zeolite beta and nonreacted rice husk ash, in which the crystallinity of zeolite beta increase with mole of H 2 O increase (H 2 O/Al 2 O 3 = 450 and 600), and then continue decrease for the sample with H 2 O/Al 2 O 3 ratio = 1000. Meanwhile, increasing of water amount affect of the dissolution rice husk ash, in which only -crystobalite exist in the sample H-450 and H-600, while tridymite and -crystobalite exist in the sample H-1000. These show that dissolution of the rice husk ash depend on the concentration of base in the reaction mixture.
Influence of H 2 O
Dissolution of RHA is slowly progress as increasing of water content that cause low rate of nucleation/degree of crystallization, as a results, longer time in the formation of zeolite beta. We have reported that zeolite beta starts to form after 2 d of crystallization for sample H-600 [9] . However, -crystobalite still exists up to 6 d of crystallization time. While, for H-240, zeolite beta was already formed after 12 h of crystallization time (XRD data not shown). By addition of water, the rate of nucleation and crystal growth decreases as the reaction concentration decreases. Although the rate of crystal growing is slower, the XRD results indicate that the crystal is well form for sample H-600 (100% crystallinity) compare to sample H-240 (81.6% crystallinity). Fig. 3 shows XRD patterns of the samples in the various sodium contents. The result concludes that the pure zeolite beta obtained by using low concentration of sodium (sample Na-1 and Na-2). Mordenite and gismondine will be formed as an addition of sodium. Moreover, sample Na-5-Cl and Na-5 (same of sodium content but different of hydroxide content) results the same type of crystal (mordenite and gismondine). These finding show that the formation of mordenite and gismondine are not because of the hydroxide, but because of sodium. These results were not agree with result reported by Camblor and Pariente [5] in the synthesis zeolite beta using silica amorphous as source of silica. In the range of reaction mixture: 0-4.5 Na 2 O : 1 Al 2 O 3 : 50 SiO 2 : 12.5 TEA 2 O : 750 H 2 O, only zeolite beta was formed. The formation of mordenite may be caused by high ratio of sodium to water (ratio of Na + /H 2 O of sample Na-5 = 0.0208, and Na-3 = 0.0125). In addition, sample H-150 (ratio of Na + /H 2 O = 0.0131) also gives mordenite as impurities phase. Mordenite and ZSM-5 phases have been found in the preparation of zeolite beta in the high alkalinity condition [14] . 
Influence of Sodium
Influence of template XRD patterns in Fig. 4 shows that pure zeolite beta can be prepared by using reaction mixture with ratio of TEA 2 O/Al 2 O 3 > 3.0. Crystallinity increases as the number of template increases, and become constant at TEA 2 O/Al 2 O 3 ratio higher than 2.0. Decreasing of TEA 2 O/Al 2 O 3 ratio produces zeolite beta and mordenite with non-reacted rice husk ash. These show that template not only act as structure directing agent, but also takes into account in the dissolution of rice husk ash. It is because template TEAOH has base property.
For sample with ratio of TEA 2 O/Al 2 O 3 = 1, zeolite beta was formed with mordenite. It may be formed because the gel contains both template TEA + and sodium cations that compete in building the zeolite structure. The formation of mordenite may be caused by and the presence of sodium ion induces to the formation of zeolite with mordenite structure. This shows that template is important in the formation of zeolite beta. Leu et al. [6] in the synthesis of zeolite beta using colloidal silica as a source of silica found that formation of zeolite beta is started at the ratio of TEA 2 O/Al 2 O 3 = 0.8, and gives good crystallinity at the ratio of TEA 2 O/Al 2 O 3 = 2.0.
CONCLUSION
Composition of initial reaction mixture may influence the crystallinity of zeolite beta. Zeolite beta may only be prepared in the certain ratios of reaction mixture. Water and pH of the reaction mixture influence the dissolution of rice husk ash, while alkalinity does not. 
